Although a few studies have investigated the risks of peptic ulcer bleeding (PUB) in cirrhotic patients, large population-based studies on in-hospital and long-term reports on recurrent PUB in a cohort of cirrhotic patients are lacking. This 12-year nationwide cohort study aimed to investigate the risks of in-hospital and long-term rebleeding and mortality in cirrhotic patients and to identify possible risk factors. Patient data from 1997 to 2008 were extracted from the National Health Insurance Research Database in Taiwan. A total of 15,575 patients who were discharged with a diagnosis of PUB were identified after strict exclusions (n = 2889). Among them, patients with cirrhosis (n = 737) and those with chronic hepatitis (n = 1044) were compared to propensity-score matched normal controls at a ratio of 1:1. Accumulated in-hospital and long-term follow-up PUB-free survival rates were analyzed in patients with cirrhosis, patients with chronic hepatitis, and matched controls. Cox proportional hazards regression was used to identify each independent risk factor. Compared with matched controls, patients with cirrhosis exhibited a 2.62-fold (95% CI: 1.74-3.92) higher risk of developing in-hospital rebleeding, but the risk of long-term rebleeding was comparable between cirrhotic patients and matched controls (hazard ratio: 1.29, 95% CI: 0.8-2.09). On the other hand, no significant difference was observed in in-hospital and long-term rebleeding between chronic hepatitis patients and matched controls. We compared the survival rates of cirrhotic and chronic hepatitis patients to that of matched controls. After propensity score matching, both cirrhotic and chronic hepatitis patients showed significantly lower survival than the matched controls (P < 0.0001 and 0.033, respectively) during the 12-year follow-up period. However, in-hospital and long-PLOS ONE |
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Introduction
Peptic ulcer bleeding (PUB) is an important cause of hospitalization worldwide [1, 2] . Advanced liver diseases may result in coagulation defects and susceptibility to hemodynamic disturbances and infections. Occurrence of peptic ulcers in patients with liver cirrhosis can become a serious problem. Cirrhotic patients are at risk for both variceal and non-variceal causes of upper gastrointestinal (UGI) bleeding. PUB accounts for 30%-40% of nonvariceal UGI bleeding in cirrhotic patients [3] . Cirrhotic patients in clinical practice are associated with more frequent PUB and have higher mortality rates than those without cirrhosis when they bleed [4] [5] [6] [7] . In addition, 15% of patients with cirrhosis die within 6 weeks after nonvariceal UGI bleeding [7] . To date, large population-based studies on in-hospital and long-term reports on recurrent PUB and mortality in a cohort of cirrhotic patients are lacking. This 12-year nationwide cohort study aimed to investigate the risks of in-hospital and long-term rebleeding and mortality in cirrhotic patients and to identify possible risk factors.
Materials and Methods

Ethics statement
The study protocol was approved by the institutional review board and the Ethics Committee of Chang Gung Memorial Hospital (IRB104-9779B). The Ethics Committee waived the requirement for informed consent for this study, and all the data were analyzed anonymously.
Data source
The National Health Insurance (NHI) program in Taiwan was established in 1995 and covers 99% of Taiwan's population of 23 million. In the present study, 1,000,000 individuals, approximately 5% of Taiwan's population, were randomly selected from the 2000 Registry for Beneficiaries of the National Health Insurance Research Database (NHIRD) [8] . The cohort data of individuals from 1997 to 2009 included enrolment files, claims data, appalling illness files, and drug prescription registry. In the cohort dataset, each patient's original identification number was anonymized and de-identified prior to retrieval of data for privacy purposes. The International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) was used to define diseases. The data analysts were staff of Kaohsiung Medical Center, a site of the Collaboration Center of Health Information Application, Ministry of Health and Welfare
Study groups and inclusion and exclusion criteria
All discharged patients aged 20 years or older at admission and with primary diagnosis code at discharge according to ICD-9-ICM of PUB (codes: 531.0, 531.2, 531.4, 531.6, 532.0, 532.2, 532.4, 532.6, 533.0, 533.2, 533.4, and 533.6) were included. Fig 1 shows the schematic flowchart of study design. Patients with PUB (n = 18464) were obtained from the dataset. Two thousand eight-hundred and eighty-nine patients were excluded because of the following reasons: <20 years of age, coexisting source of UGI bleeding other than PUB as the primary hospitalization claims, prior history of gastric resection or vagotomy, received endoscopic treatment for PUB within 180 days before index hospitalization, and gastric cancer within one year prior to the index hospitalization. A total of 15,575 hospitalized patients with PUB were included in the final analysis. These patients were then divided into three groups. The first group consisted of patients with liver cirrhosis (ICD-9-CM codes: 571.2, 571.5, and 571.6) diagnosed in previous hospitalization claims or at least two successive claims at out-patient clinics before the index PUB hospitalization (classified as cirrhosis group, N = 737). The second group comprised patients with chronic hepatitis (ICD-9-CM codes: 571.4, 571.40, 571.49, 571.8, and 571.9) but without cirrhosis before and after enrolment (chronic hepatitis group, N = 1044). The third group consisted of patients who were discharged with a primary diagnosis of PUB with neither cirrhosis nor chronic hepatitis before and after enrolment (control group, N = 13794). Demographic information was obtained from the dataset, including all the comorbid illnesses recorded in the diagnoses for hospitalization. Patients with decompensated cirrhosis were those with a primary diagnosis of PUB concomitant to the diagnosis of conditions such as hepatorenal syndrome (ICD-9 code: 572.4), ascites (ICD-9 code: 789.5), variceal hemorrhage(ICD-9 code: 456.0, 456.20), hepatic encephalopathy (ICD-9 code: 572.2), and jaundice (ICD-9 code: 782.4) [9, 10] . Patients without any of the listed secondary diagnoses were considered as compensated cirrhosis.
Comorbidities, medications, and other covariates
The Deyo adaptation of the Charlson comorbidity index (CCI) was used to identify the load of illnesses with scores from 0 to 17 [11] . Higher score indicates greater load in patients. The CCI with 17 comorbid conditions is a well-validated index of comorbidity adjusted for disease load [11] . In addition to the comorbidity scores of CCI, other factors that could affect the severity of bleeding, such as the presence of coagulopathy, were also evaluated. Primary diagnosis of PUB was made in all hospitalized patients who had undergone a panendoscopy during the inpatient stay. Indicators of severity of bleeding during the index hospitalization were the need of endoscopic intervention for initial bleeding episode, presence of shock or respiratory failure, and episodes of supportive interventions. For example, by using the billing code of Taiwan NHI program, the use of mechanical ventilation served as a proxy indicator for hemodynamic status and severity of illness as covariates in multivariate analysis of the outcomes measure. To preclude pre-existing peptic ulcer diseases from affecting the risk estimation, we defined prior ulcer history as a patient with a diagnosis of peptic ulcer within 180 days before the index date. Use of medications for Helicobacter pylori infection was identified within 180 days before the index date. Infection was defined as a patient who underwent antibiotic treatment during index hospitalization. The antisecretory drugs prescribed during the index hospitalization and ulcerogenic drugs within 90 days prior to the index hospitalization were also analyzed. The NHIRD contains prescription details, including doses, frequencies, dates, and administration routes.
Outcomes
The primary outcomes were recurrent PUB and all-cause mortality during hospitalization and 12 years after the index hospitalization discharge. Within the index hospitalization, any record of a repeated endoscopic intervention (billing code: 47043B), transcatheter arterial embolization (billing code: 33075B), and need for surgery due to bleeding (billing codes: 72006B, 72007B, 72009B, 72010B, 72011B, 72012B, 72018B, and 72019B) were defined as rebleeding events. The secondary outcomes were the length of stay, total hospital costs, and frequency of surgical intervention, transarterial embolization, and repeated endoscopic intervention in recurrent PUB.
Statistical analysis
Continuous and categorical data are presented as mean ± standard deviation and as actual frequencies and percentages, respectively. Pearson's chi-square or Fisher's exact two-tailed test was performed to examine categorical data, and 2-sample t tests were conducted to assess continuous data between groups. Multivariate logistic regression was used to examine factors associated with primary outcome during the index hospitalization. Kaplan-Meier analysis and Cox proportional hazard regression were performed to compare the outcomes of interest between groups following the index hospital discharge. To minimize potential selection bias between groups, we employed propensity score matching (PSM) to establish comparison analyses. Covariates used to estimate the propensity score included age, gender, baseline individual disease conditions involved in the CCI algorithm, prior use of ulcerogenic drugs (aspirin, nonsteroid anti-inflammatory drugs (NSAIDs), steroids, clopidogrel, ticlopidine, warfarin), prior ulcer history, and prior Helicobacter pylori(HP) therapy. The propensity score derived from the control group was matched with patients in the cirrhosis group at a 1:1 ratio (the same as matched with the chronic hepatitis group) using the greedy matching algorithm within the SAS software package [12] . All P-values were two-tailed, and values < 0.05 were considered statistically significant. All statistical analyses were conducted using the statistical software SAS (version 9.3; SAS Institute Inc., Cary, NC, USA).
Results
Baseline demographics of patients with cirrhosis or chronic hepatitis were compared with those of the matched controls (Table 1) . After matching by using the propensity score, patients with and those without liver diseases did not differ significantly in regard to any of the baseline characteristics in both comparison groups. With respect to severity of bleeding during hospitalization, although rare, patients with cirrhosis had a higher rate of coagulation defects than patients in the Continuous data are presented as mean ± standard deviation, and categorical data as n and %. Pearson's chi-square or Fisher's exact test was used to examine categorical data, and 2-sample t tests were conducted for continuous data. control group (1.09% versus 0.14%, P = 0.019). A low rate of coagulation defects revealed between chronic hepatitis group and its matched control group (0.57% versus 0%). Table 2 shows the outcome of the matched cohort. During the index hospitalization in the matched cohort, 91 (12.4%) out of 734 cirrhotic patients experienced recurrent PUB and were treated using transarterial embolization (55/91, 60.4%) more often than the matched controls (both P < 0.0001). Moreover, 70 (6.7%) out of 1044 chronic hepatitis patients experienced recurrent PUB but did not significantly differ from the matched controls (6.7% vs. 5.56%, P = 0.2736). Chronic hepatitis and matched controls groups received higher frequency of surgical intervention to control rebleeding than embolization group. After hospital discharge, the recurrent PUB was not significantly different among the matched controls (cirrhosis vs. matched control: 5.68% vs. 4.34%, P = 0.2449; chronic hepatitis vs. control: 5.5% vs. 4.94%, P = 0.5693). However, the mortality was higher in the cirrhosis and chronic hepatitis groups than that in the matched controls during the long-term follow-up (cirrhosis vs. matched controls: 24.15% vs. 19.16%, P = 0.0225; chronic hepatitis vs. matched controls: 15.72% vs. 12.89%, P = 0.0672). The hospitalization cost (US$ 1881 ± 2942 vs. US$ 1539 ± 3841, P = 0.0172) and the length of hospital stay (11.1 ± 10.9 vs. 9.4 ± 11.7, P = 0.0002) were significantly higher in the cirrhosis group than those in the matched controls (Table 2) .
Independent risk factors of recurrent PUB in the matched cohort during a 12-year follow-up period
In the propensity score-matched cohort, 40 (5.68%) out of the 704 cirrhosis patients experienced recurrent PUB within the 12-year observation ( Table 2 ). The cumulative rebleeding-free rates at 5 years in the matched cirrhosis and controls were 94.25% and 96.09%, respectively. Log-rank test revealed no significant difference between the two groups over time (P = 0.2238) (Fig 2) . In the Cox regression model, the independent risk factors of recurrent PUB after discharge were prior peptic ulcer history, pulmonary disease, and use of steroids in the cirrhosis matched cohort (Table 3) . Continuous data are presented as mean ± standard deviation, and categorical data as n and %. Pearson's chi-square or Fisher's exact test was used to examine categorical data, and 2-sample t test was conducted for continuous data.
A total of 56 (5.5%) out of the 1018 propensity score-matched chronic hepatitis patients and 51(4.99%) out of the 1022 matched controls experienced recurrent PUB within the 12-year observation ( Table 2 ). The cumulative rebleeding-free rates at 5 years in the matched chronic hepatitis and matched controls were 95.21% and 95.75%, respectively. Log-rank test revealed no significant difference between the two groups over time (P = 0.5471) (Fig 3) . The independent risk factors of recurrent PUB after discharge were pulmonary disease and use of PPI/H2RA during index hospitalization after adjustment for other covariates (Table 4) .
During the 12-year follow-up period, the adjusted HR of recurrent PUB after discharge was 1.29 (95% CI, 0.8-2.09; P = 0.291) in the cirrhotic patients matched analysis, and 1.15 (95% CI, 0.78-1.69; P = 0.474) in the chronic hepatitis patients matched analysis.
Independent risk factors of death in the matched cohort during a 12-year follow-up period
In the propensity score-matched analyses, there were 30 (4.09%) of the 734 cirrhotic patients died during hospitalization, and 170 (24.15%) of the 704 cirrhotic patients died within the 12-year observation. Cirrhosis group exhibited higher in-hospital mortality than the matched controls but the difference was not significant (4.09% vs. 2.59%, P = 0.11). The survival rates in the matched cirrhosis groups were 86.88% at year 1, 81.1% at year 2, 75.82% at year 3, 69.4% at year 4, and 66.65% at year 5. The survival rates in the cirrhosis-matched controls were 91.91% at year 1, 87.58% at year 2, 83.22% at year 3, 81.46% at year 4, and 80.25% at year 5. Log-rank test revealed a statistically significant difference in survival between the cirrhosis and its matched controls over time (P <0.0001) (Fig 4) . Factors significantly associated with increased risk of in- hospital mortality were older age, dementia, cancers, coagulation defects, and requirement for mechanical ventilation in the cirrhotic patients matched analysis (Table 5 ). Liver cirrhosis, older age, dementia, cancer, and requirement for mechanical ventilation during index hospitalization were significantly associated with additional risk of long-term mortality (Table 5) . On the other hand, 26 (2.49%) out of the 1044 chronic hepatitis patients died during hospitalization and 160 (15.72%) out of the 1018 cirrhosis patients died within the 12-year observation. The in-hospital mortality between chronic hepatitis and its matched controls was similar (2.49% vs. 2.11%, P = 0.9486). The survival rates in the chronic hepatitis group were 95.93% at year 1, 93.75% at year 2, 91.41% at year 3, 88.60% at year 4, and 86.70% at year 5. The survival rates in the chronic hepatitis matched controls were 95.86% at year 1, 93.46% at year 2, 91.07% at year 3, 88.95% at year 4, and 88.02% at year 5. Log-rank test revealed a statistically significant difference in survival rates between the chronic hepatitis and its matched controls groups over time (P <0.0332) (Fig 5) . In the chronic hepatitis matched cohort, chronic hepatitis, older age, cancer, and requirement for mechanical ventilation during index hospitalization significantly increased risk of mortality during index hospitalization and after discharge (Table 6) . 
Discussion
No long-term follow-up studies of a large cohort of patients have been conducted to evaluate the occurrence of recurrent PUB and mortality in cirrhotic patients after discharge. Moreover, few studies have compared the outcomes among patients with cirrhosis or chronic hepatitis and patients without liver disease. Given the lack of population-based studies, we investigated the effect of cirrhosis on PUB. The current nationwide population-based longitudinal cohort study compared the occurrence of recurrent PUB and survival among cirrhotic patients, chronic hepatitis patients, and matched controls after a follow-up period of up to 12 years. The effect of chronic hepatitis (without cirrhosis) on rebleeding was compared with propensity score-matched patients in the control group with 1:1 ratio.
This study utilized Taiwan's NHIRD. The cirrhotic patients with PUB were at increased risk for recurrent bleeding during hospitalization and exhibited higher mortality in the 12-year follow-up after discharge. During hospitalization, the patients with cirrhosis were at 2.62-fold higher risk of developing recurrent PUB (95% CI: 1.74-3.92) after confounding adjustment. In addition, cirrhosis was associated with increased hospital costs and length of stay. The in-hospital recurrent PUB rate of 12.4% in the cirrhosis group was consistent with previous studies [4, 13, 14] . Interestingly, the cirrhotic patients with recurrent PUB were less frequently operated compared with chronic hepatitis patients and matched controls in the current study. This result may be attributed to the occurrence of more complications, such as perioperative adverse events, increasing mortality rate, length of stay, and total hospital costs in cirrhotic patients [15] . Consequently, most doctors chose non-surgical treatment for PUB, such as arterial embolization, which is recommended as the salvage treatment of choice for high-surgical-risk cirrhotic patients [4] .
The long-term course of peptic ulcer rebleeding in patients with liver cirrhosis is not well established. It is possibly due to aged patients and concomitant comorbidities in this cirrhotic cohort, resulting in poor long-term prognosis. Identification of severe peptic ulcer rebleeding is necessary, and endoscopic intervention is commonly required in these critically ill patients. Hsu at al. [16] reported that liver cirrhosis and older age are independent risk factors for long- term peptic ulcer rebleeding. However, this finding is not consistent with the result in the present study. The discrepancy may be attributed to the difference in the definition of long-term rebleeding. Hsu et al. defined recurrent PUB as re-hospitalization with a primary diagnosis of PUB after the index bleeding episode during the study period. Our study strictly defined long- Abbreviations: OR, odds ratio; CI, confidence interval; HR, hazard ratio; NSAIDs, nonsteroidal anti-inflammatory drugs; COX-2 inhibitors, cyclooxygenase-2 inhibitors; PPI/H 2 RA, proton pump inhibitors/histamine type 2 receptor antagonists. The effect of cirrhosis on all-cause mortality was compared with propensity score-matched patients in the control group with 1:1 ratio. Patients with cirrhosis were defined withdecompensated and compensated cirrhosis.
term rebleeding as a re-hospitalization event with a primary diagnosis of PUB (codes: 531.0, 531.2, 531.4, 531.6, 532.0, 532.2, 532.4, 532.6, 533.0, 533.2, 533.4, and 533.6) that requires endoscopic intervention (billing code: 47043B). Although liver cirrhosis increased the risk of recurrent PUB during hospitalization (OR, 2.62, 95% CI, 1.74-3.92; P < .0001), the significance was not observed at follow-up (HR, 1.29, 95% CI 0.8-2.09; P = 0.291). The 12-year cumulative incidence of recurrent bleeding requiring re-hospitalization and endoscopic therapy was 5.68% in the cirrhotic cohort and 4.34% in matched controls (P = 0.224).
The mortality of PUB remains as high as 10% despite the recent advances on the treatment modalities [4, [14] [15] [16] . The current study showed lower in-hospital mortality of 4.09% compared with the previously published series [4, [14] [15] [16] [17] [18] . Nevertheless, the survival rate in the cirrhosis group was the lowest among the three groups during the 12-year follow-up after discharge. Our study has clearly shown the increased long-term mortality in both cirrhotic and non-cirrhotic patients with chronic hepatitis. If certain predictors could be identified to predict mortality in patients with PUB, this could potentially develop the best therapeutic strategies to optimize care and reduce mortality. No evidence is available in literature that shows that most PUB-associated deaths in patients with cirrhosis are a direct result of PUB bleeding itself. Instead, comorbidity was more relevant to the cause of death in cirrhotic patients with PUB. This finding could explain the high mortality rate despite the recent advancement in endoscopic hemostasis for PUB [16] [17] [18] [19] .
However, the need for endoscopic intervention did not reach statistically significant associated with mortality in both cirrhosis and chronic hepatitis matched comparisons in the present study, which was similarly reported by Gonzalez-Gonzalez et al. [3] . The fact emphasizes that mortality The effect of chronic hepatitis (without cirrhosis) was compared with propensity score-matched patients in the control group with 1:1 ratio.
in cirrhotic patients with PUB was associated with multiple organ failure or cardiopulmonary conditions, suggesting that concomitant co-morbidities played a fundamental role for death. For instance, accumulated evidence suggests that the presence of diabetes is associated with worse outcomes of liver diseases [20] [21] [22] [23] . Diabetic patients have high incidences of coronary heart disease, chronic renal disease, and cirrhosis, as well as peptic ulcer and use of antiplatelet agents [24] [25] [26] [27] . Cox regression analysis in the present study showed that diabetes is an independent risk factor (adjusted HR: 1.6 in both cirrhosis and chronic hepatitis matched cohort analyses) of long-term morality. The increased mortality rate in cirrhotic and chronic hepatitis patients with diabetes is not only due to the complications of diabetes itself but also to the increased risk of hepatic failure [21] [22] [23] . Comorbidity is strongly associated with mortality in PUB patients, particularly cirrhosis. Thus, identification and treatment of comorbid diseases concomitantly in cirrhotic patients with PUB are the first priority. The need for more comprehensive actions to provide a strong support for the major organ systems when treating these patients is an extremely important issue [28] .
Several studies have suggested that COPD is associated with an increased risk of rebleeding in patients with PUB [29] [30] [31] . Some reasons that may explain why COPD increases the risk of PUB are as follows. First, the major cause is hypersecretion of gastric acid and decreased mucosa defense mechanism induced by hypoxemia or hypercapnia [32, 33] . Second, COPD patients are often treated with oral steroids, which seem to increase the risk of ulcer bleeding. After matching, use of steroids was an independent predictor of long-term peptic ulcer rebleeding in both cirrhosis and chronic hepatitis matched analyses. Additional potential confounders, such as Helicobacter pylori infection status (small number of cases in the present study) and lifestyle factors (e.g., smoking, alcohol consumption), should be considered in future research to clarify the role of COPD in patients with ulcer bleeding.
The NHIRD has all the attributes to investigate multiple factors, but several limitations also exist. First, this observational retrospective cohort study was based on hospitalized patients with PUB in which the diagnosis and identification of comorbidity were dependent on the accuracy of coding procedures. This method could result in selection biases; thus, caution must be exercised during interpretation of the results. Second, Rockallscore for risk stratification in patients with PUB could not be calculated because endoscopic details, such as stigmata of hemorrhage in bleeding peptic ulcers, were not recorded in the NHIRD. Therefore, we assessed other factors, such as the presence of shock, need of endoscopic intervention, and requirement for mechanical ventilation support, to replace the indicators of severity of bleeding. Third, no information on lifestyle factors, such as alcohol consumption, smoking, and malnutrition, were available. These lifestyle factors have been reported to be prognostic markers among cirrhotic patients [34, 35] . These factors could have confounded the present findings if they were prevalent among patients with comorbidities. Fourth, given the reimbursement restrictions of the NHI program and the resultant ceiling effect, somemedical services could not be refunded in the event of repeated endoscopic treatment for rebleeding ulcers during the same hospitalization. Repeated endoscopic interventions may not be reimbursed by the NHI program and therefore not recorded in the procedure coding system. This may have underestimated the frequency of endoscopic interventions (billing code: 47043B) in the hospitalized cohort obtained from the NHID. Lastly, H. pylori infection is an important risk factor for ulcer bleeding; however, we could not obtain sufficient data for the prevalence of H. pylori in the NHIRD. Despite these limitations, this study has several strengths and clinical implications. A major strength of our study is the age-and gender-matched cohort design. Other strengths include the long-term follow-up and adequate adjustments for baseline comorbidities, severity of bleeding ulcers, and drug uses in data analysis. Furthermore, we also analyzed non-cirrhotic chronic hepatitis patients and performed PSM analysis to select patients without liver disease as matched controls. The use of data from a nationwide database minimizes the potential for possible bias that may be observed in single-center studies. The database serves as a powerful tool to study significant effects of cirrhosis on PUB outcomes.
In conclusion, liver cirrhosis increased health care expenses in patients with PUB and these patients exhibited higher recurrent bleeding rate than non-cirrhotic patients during hospitalization. Cirrhosis and chronic hepatitis were independently associated with an increased longterm mortality when compared with the patients without liver disease.
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